Hepatitis B virus (HBV) infection has been implicated in several extrahepatic disorders most of which are mediated by immune complexes.' 2 Glomerulonephritis associated with HBV infection was first described by Combes et al.,3 who showed Australia antigen antibody complexes in the glomerular basement membrane of an adult with membranous glomerulonephritis (MGN) after post-transfusion hepatitis.
Since then several case reports4-10 and the results of studies of a few small series"1 4 
Patients and methods
Sera from 114 nephrotic children under 13 years of age (80 boys and 34 girls) were screened for markers of HBV infection. All HBsAg positive children were followed up regularly for 4 months to 91 years. Three patients were lost to follow up 4, 15 , and 16 months after the onset of nephrotic syndrome and 3 have been followed for less than 12 months. A further 71 children (49 boys and 22 girls) were first screened for HBsAg only after complete remission of their renal disease.
Nephrotic syndrome was defined as massive proteinuria >1 g/m2/day with consequent hypoalbuminaemia of 25 g/l or less; moderate persistent proteinuria was defined as 2 to 3 + proteinuria measured semiquantitatively by Albustix, with a plasma albumin of [26] [27] [28] [29] [30] [31] [32] [33] [34] g/l; and mild asymptomatic proteinuria defined as 1 + on semiquantitative testing, with a plasma albumin of >35 g/l.
One HBsAg positive patient aged 3 years at the time of the study had had congenital syphilis with glomerulonephritis as a neonate but had made a rapid and full recovery. None of the other HBV Electron microscopy showed that immune complex deposition ranged from relatively few subepithelial aggregates affecting some loops only to marked subepithelial deposition and incorporation of the deposits into the thickened glomerular basement membrane. In the later stages massive thickening of the basement membrane and at times striking interposition of mesangial cytoplasm and matrix between the basement membrane and endothelium of the glomerular capillary loop was seen (Fig. 2) .
Immunofluorescence studies showed striking granular deposition of IgG and to a lesser extent C3 and IgM in the capillary loops and less so in the mesangium. Peroxidase antiperoxidase staining for HBs antigen was negative. Throughout the period of observation the simultaneous detection of HBsAg and HBeAg and antibody was common, showing the probability of circulating immune complexes. This condition often lasted for longer than a year and sometimes fluctuated between antigen positivity alone and concurrent detection of antigen and antibody until final seroconversion occurred. All of the 5 sera examined by negative staining electron microscopy contained large numbers of HBsAg immunc complexes (Fig. 3) .
Course
The course of the renal disease improved steadily (Fig. 1) , with fluctuating oedema at first that was often associated with intercurrent infection. Ten patients gradually went into spontaneous remission after intervals ranging from 4 to 38 months. The average interval to full recovery was 20 months (median 16 months); no relapses have thus far occurred over an average follow up period of 40 months (median 43 months). Six patients still had nephrotic syndrome when last seen after follow up periods of 4-16 months (average 12 months): the condition of 3 patients who still had nephrotic syndrome when lost to follow up is, however, unknown. Only 1 patient (case 5) followed for more than 5 years has mild impairment of renal function and hypertension and persistent proteinuria and haematuria. Two repeat biopsy specimens taken from this child 30 and 60 months after the first showed increased thickening of the glomerular basement membrane, with subepithelial and intramembranous immune complex deposition, and appreciable interposition of mesangial cytoplasm and matrix beneath the endothelium.
Five The correlation between HBs antigenaemia and MGN is striking-89% of the children with active MGN were HBsAg carriers ( Table 1) . Two of the other 3 patients had idiopathic MGN (1 anti-HBs positive) and 1 had systemic lupus erythematosus. The association is further supported by the finding of HBsAg in the sera of 6 of the 10 children who had recovered from MGN (Table 1 ). In these children HBsAg negative sera were not screened for anti-HBs and so seroconverted cases would not have been detected.
The incidence of MGN in a total of 331 cases of nephrotic syndrome that we have seen over 13 years is 14.2%-much higher than that found by the international study of kidney disease in children in developed countries.23 HBV associated renal disease seems responsible for this higher incidence of MGN in our childhood population. The striking male predominance is as yet unexplained.
The association between HBV infection and mesangial proliferative glomerulonephritis is more tenuous and may be incidental, although the clinical findings and course of the disease did not differ from HBV associated MGN (Fig. 1) . Mesangial proliferation, often with mild exudation, was prominent in early MGN In this series the liver disease was asymptomatic and serum alanine aminotransferase levels were never above 300 U/1. A wide spectrum of associated liver disorders has been reported: chronic persistent14 and chronic active hepatitis,46 14 cirrhosis,6 14 and fulminant hepatitis. 6 Mildly increased anti-DNA antibody binding was often seen at first but did not persist. Similarly, low complement fractions suggestive of immune complex induced renal disease returned to normal during the disease.
Corticosteroid treatment in 6 of our patients was ineffective and no other immunosuppressive treatment was given. Several patients in published reports13 were treated with corticosteroids or immunosuppressive drugs, or both, without effect, and this treatment may inadvertently delay seroconversion to anti-HBe status and remission of the renal disease.16 The response to symptomatic and supportive treatment with a protein supplemented low salt diet, diuretics, and intravenous human albumin infusions when necessary was generally good and few patients needed repeated admissions to hospital.
The natural history of HBV associated glomerulonephritis is one of slow resolution over several years. In Kleinknecht's series the average period of duration of the nephrotic syndrome was 5 months and the time to resolution of the proteinuria 18 months.13 In our larger series full recovery was slower (20 months) and only two thirds of the patients followed up for 3 years or longer were in remission. A few patients are left with mild asymptomatic proteinuria but progressive renal failure is rare.
Investigations into the cause of persistent glomerulonephritis should include a search for HBV markers, particularly in countries with a high prevalence of HBV carriers.
